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ABSTRACT

An analyticalsolutionis obtainedor thesimplifiedtransienstream-aquifeinteraction
problem using Fourier analysisand complex variables. The solutionsobtainedfor
small sinusoidalwater level disturbance®f different periodsare usedto identify a
numberof dimensionlesparametegroupsthatinfluencethe solution. Theanalytical
solutionsarecomparedo numericalsolutionsobtainedusingthe MODFLOW model
(McDonald and Harbough,1998). The dimensionlesgparameteigroupscombining
the canal,aquiferandsedimenfpropertiesareusedto understandhow they affect the
stream-aquifemteraction. The analyticalsolutionis usefulin verifying the accurag
of computemodelssimulatingstream-aquifeinteraction.

INTRODUCTION

A significantpart of the SouthFloridalandscapeés coveredwith a network of canals
thatextendto thousand®f miles coveringwetland,agriculturalandurbanareas.The
behaior of waterlevelsin the canalsandthe adjacentareasvhensubjectedo water
level disturbancesn the canalsis not completelyunderstood.The highly conductve
aquifersystemin SouthFlorida, andthe presencef a sedimentayerin somecanals
have addedo thecompleity of theproblem.Thecurrentstudyis aimedatunderstand-
ing the parametershat governthe problem,andobtainingan approximateanalytical
solution.

Stream-aquifeand stream-wetlandnteractionshave previously beenstudiedby
a numberof researchersThe study by Pinderand Sauer(1971)was carriedout us-
ing couplednumericalmodelsfor canalflow and groundvater flow. The example
usedbythemsenedasabenchmarkestproblemfor integratedmodelssuchasMOD-
BRANCH (Swain and Wexler, 1996). In thesemodels,the MODFLOW modelis
coupledwith amodelsimulatingcanalnetworks.
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GOVERNING EQUATIONS

Equationsgoverning 2-D groundwvater flow, 1-D canalflow and resistanceo flow
acrossary sedimentayer are neededo solve the problem. The equationgoverning
unsteadyflow in a 2-D isotropicconfinedaquiferis
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subjectedo suitableinitial andboundaryconditions.In the equationx,y = distances
alonghorizontalx andy axes;t = time; H = waterheadin the caseof groundwvater
flow; Kg = transmissiity of theaquifer;s; = storagecoeficient; Kg ~ kyh wherekg =
hydraulicconductvity andh = aquiferthicknesdor unconfinedlow. After neglecting
theinertiaterms,St Venantequationgor a 1-D wide rectangulacanalaregivenby
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in which, h = waterlevel in the canal;q = dischageratein the canalper unit width;
gy = totalleakagento thecanalperunitlengthperunit width of thecanal; S = bottom
slope.Friction slopeSs canbe explainedusingthefollowing generalexpression:
un qn

St = CW = CW 4)
in which, u = flow velocity; C = roughnesgonstantm, n = constants Equation(4)
canbeusedto represenManning’s equationusingn = 2, m= 4/3. Leakagebetween
the canalandthe aquifer per unit length of the canalper unit width g, is computed
usingthe watersurfaceslopein the aquiferat the aquifersedimentnterface(Fig. 1).
Whenthereis asedimentayerof conductvity ky, presenttheequatiorfor leakagecan
alsobewritten usingtheseparameters.
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in which, B = width of the canal; = thicknessof the sedimentayer whena sedi-
mentlayeris presentAH = headlossacrosghe sedimentayer. A transmissiity Ky,
computedusingKmy, &~ 0.5Bkq, is usedto expresssedimenicharacteristicsA solution
is obtainedfor the governingequationg1), (3) and(5) assuminghatthe canalhasa
uniform crosssection,andis slopingin the downstreandirection. The canalextends
to infinity in the downstreamdirection,andthe aquiferis semi-infinite. Perturbation
equationsare generatediy settingthe governing equationsto H = Hp, h = hp and
g= qo aswell asslightly perturbedsolutionsH = Hp+H*, h=hg+h* andg= qo+q*.
Theperturbatiorequationsanbe solved usingthefollowing substitutions.

canal:  h*(x,t) = Wexp{(ft+Ax)} (6)
sediment:  H*(x,y,t) = h'exp(ft + Ax+ 0y} for 0<y<3d (7
aquifer:  H*(x,y,t) = Wexp(ft +Ax+03+u(y—29)} for y>3 (8)
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in which f, A, 4, and6 arecomplex constants.Oncethesesolutionforms are substi-
tutedin the perturbedequationsthe conditionfor the canalflow equationdo have a
nontrivial solutionin [h', ] canbedeterminedThis conditionis expressedis(Ponce
andSimons,1978).

{1-TEmen( e | 20 A {r-men ) 9)

Equationg1) and(9) canbe expressedn thefollowing dimensionles$orms.

P +p?) = f (10)
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Thedimensionlesparametersisedaredefinedas
K NKgS: nKy
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Thefollowing additionalequationis usedto simplify the presentatiorf results.

P VP ) .
= —exp(— with a sedimentayer 16
X vﬁ'p( Pm) y (16)
P ) )
= — with no sedimentayer 17
X N y (17)

andA is definedas

_ [ K
N= n&f ~ \/ nf (18)

K¢ is anequvalentcanaltransmissiity definedasK; = %. Equationg(10) and(11)
describehebehaior of smallwaterlevel disturbances thecanal.Realandcomplex
component®f A and i describethe exponentialdecayconstanfor spatialdecayand
the wave numberrespectiely. Realandcomplex component®f f explain the expo-
nentialtime decayconstantandthefrequeng in theaquiferandthe canalrespectiely.
It canbeshavn thatwhen% < % waterlevel disturbances theaquiferarerelatively
insulatedrom canal.

NUMERICAL EXPERIMENTS



Theanalyticalsolutionobtainedearlieris comparedvith numericalsolutionsobtained
usinga singlelayer 2-D MODFLOW model. A 50 km x 50 km squaremeshwith
1000m x 1000m cellsrepresentinghe confinedaquiferwasusedwith canalandsed-
imentlayersof differentwidths andconductvities. In the experimentswaterlevel at
the upstreanboundaryof the horizontalcanalwasvariedsinusoidally The upstream
amplitudewas maintainedat 1.0 m, andan aquifer depthof 50.0 m wasused. The
exponentialdecayconstant(A; = RealQ) of the amplitudewas investigatedor dif-
ferentparametewalues.Figures2, 3 and4 show the comparison®f MODFOW and
analyticalsolutions.

SUMMARY AND CONCLUSIONS

The diffusion flow equationscoupledwith two dimensionalgroundwvaterflow equa-
tionsweresolvedanalyticallyfor smallamplitudewaterlevel fluctuations.A number
of test simulationswere carried out using the MODFLOW model and resultswere
comparedvith the analyticalsolution. Resultsshav thatthe analyticalandnumerical
solutionsarein closeagreement.

Using the coupledequationsandthe solution, it is possibleto shav thatthreedi-
mensionlesparametegroupsdescribingcanaldepth(Py), canalwidth (R, /+/P;), and
sedimentransmissiity (Pn/+/P;) candescribehecharacteristicef the solution. The
resultsof the study are usefulin identifying the conditionsunderwhich the stream-
aquiferinteractionis significant,andthe sedimentayeractasaninsulatorbetweerthe
canalandtheaquifer
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Figure2: Variationof —5\1 with x obtainedusingthe analyticalsolution
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Figure 3: Comparisorof the variation of — A1 with P, obtainedusingthe analytical
methodandMODFLOW for P, = 0.01,andno sedimentayer
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Figure4: Comparisorof the variation of — A1 with P obtainedusingthe analytical
methodand MODFLOW modelfor B = 0.1, B, = 0.25,B = 630m, anda 20.0m
sedimentayer.



